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DNA newly synthesized in UV irradiated Escherichia coli B/r Her+ was 2 min pulse-labeled at various 
periods, then denatured and analysed by sucrose gradient centrifugation either in neutral or in alkaline 
conditions. Data indicate that in DNA of damaged cells alkali-labile sites are produced. In cells saturated 
with inducible proteins production of alkali-labile sites disappears in - 1 h. In the absence of inducible 
proteins production of alkali-labile sites continues. 
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1. INTRODUCTION 
The ultraviolet photoproducts, pyrimidine di- 
mers, can be either removed from DNA molecules 
or tolerated on replication. Dimers unexcised are 
believed to produce daughter chain gaps subse- 
quently filled in by recombination [l]. In support 
of this hypothesis are data indicating that on 
damaged templates small DNA pieces are syn- 
thesized and subsequently converted into normal- 
sized DNA molecules. 
doses. After 1 h of incubation with chlorampheni- 
co1 alkali-labile sites are still produced in the for- 
mer but not in the latter. 
2. MATERIALS AND METHODS 
2.1. Bacterial strain, growth conditions and UV- 
irradiation 
In damaged cells a special type of DNA syn- 
thesis, called stable DNA replication, has been re- 
ported [2] which proved to be recA-dependent [3]. 
This finding indicates that the response to damage 
is not confined to the repair of specific lesions. In 
predamaged excision-proficient cells many dimers 
remain unexcised being tolerated in a UV, recA- 
dependent manner, without being transferred into 
DNA daughter chains [4]. 
The above findings and stimulating suggestions 
(personal communication by T. Kogoma and M. 
Connaughton) prompted us to look for the pres- 
ence of alkali-labile sites in the DNA synthesized 
in excision-proficient cells on damaged templates. 
These data indicate that alkali-labile sites are pro- 
duced shortly after irradiation in the DNA of cells 
irradiated with both a single dose and two separate 
The strain E. coli B/r Her+ thy- trp-, the con- 
ditions of UV-irradiation, the schedule of experi- 
ments and the glucose-salt medium were de- 
scribed in [4]. Briefly, exponentially growing cells 
(- 1 x lO*/ml) were transferred into trp- medium 
for 90 min to increase their UV resistance and di- 
vided into 2 parts. A part was irradiated with 30 J/ 
m*. Both parts were incubated 60 min in a com- 
plete medium, irradiated with 50 J/m*, then incu- 
bated with chloramphenicol. At the indicated time, 
cells were pulse-labelled for 2 min with [6-3H]thy- 
midine (100 PCi; 5.2 pg/ml), lysed and analysed as 
indicated below. The 2 min period of labelling was 
long enough to label more than individual 
Okazaki pieces, but short enough to detect alkali- 
labile sites (see below). 
2.2. Alkaline sucrose gradient sedimentation 
Pulse-labelled cells were killed by the addition 
of 4 vol. of a cold stop solution (0.01 M KCN, 10% 
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pyridine in M 9 buffer containing: 7 g Na2HP04, 
3 g KH2P04, 0.5 g NaCl, 1 g NH4C1, 0.02 g CaC12, 
0.2 g MgS04 in 1000 ml H20), collected by cen- 
trifugation and washed once with cold stop solu- 
tion. Cells were lysed in 0.18 ml alkaline solution 
(0.1 N NaOH, 0.01 M EDTA) for 30 min at 37°C. 
The lysate was then put on a 4.8 ml linear alkaline 
sucrose gradient (5-20% sucrose in 0.2 N NaOH, 
0.8 M NaCl, 0.02 M EDTA). The gradient was 
centrifuged for 180 min at 35 000 rev./min at 10°C 
in a Beckman L8-55 ultracentrifuge and SW 50.1 
rotor. Samples were collected on paper strips 
which were then treated with cold trichloroacetic 
acid, and the radioactivity counted in a Packard- 
Tricarb liquid scintillation counter. 
2.3. Neutral sucrose gradient sedimentation 
Pulse-labelled cells were killed and washed with 
cold stop solution as above. The cells were lysed by 
incubation with 0.05 ml lysozyme solution (100 pgLg/ 
ml in 0.01 M Tris, 0.01 M EDTA (pH 7.6)) for 
5 min at 37°C and then with 0.05 ml 0.5% Sarkosyl 
for 10 min. After an additional incubation for 
10 min with 0.1 ml pronase (1 mg/ml) auto- 
digested for 60 min at 37°C cells were completely 
lysed. DNA was heat denatured in a boiling water 
bath for 10 min, quickly chilled in ice water and 
put on a 4.8 ml linear neutral sucrose gradient (5- 
20% in 0.01 M Tris, 0.1 M NaCl, 0.01 M EDTA 
(pH 8.0)) containing 0.5% Sarkosyl. Samples were 
centrifuged for 180 min at 35 000 rev./min at 10°C 
using a Beckman L8-55 ultracentrifuge and SW 
50.1 rotor. 
2.4. Calculations of Mr-value 
Number average Mr was determined as in [5,6]. 
For each sedimentation profile Mr was determined 
(defined as that Mr which is exceeded by a half of 
the mass of molecules in the distribution), then the 
Mr was determined according to the equation: Mr 
= 0.6 M,1/2 [71. 
2.5. DNase treatment 
After alkaline lysis and denaturation, the cell 
lysate was dialysed overnight against 0.01 M 
MgC12, 0.005 M Tris-HCl buffer (pH 7.1) then 
incubated for 30 min at 37°C with 10 pg/ml of 
Worthington DNase. The lysate was then analysed 
in an alkaline sucrose gradient as above. 
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Fig.1. Sedimentation of DNA in alkaline and neutral 
sucrose gradients. (A) Exponentially growing cells were 
pulse-labelled for 2 min with [6-3Hlthymidine. Cells 
were lysed, DNA denatured and analysed in alkaline 
(o-0) or neutral (O-O) conditions. The total radioac- 
tivity recovered from the gradients was as follows: 
(O-O) 181 211 cpm; (e-0) 156 117 cpm. (B) Cells 
were incubated for 60 min with chloramphenicol 
(40pCi/ml), then pulse-labelled and treated as indi- 
cated in (A). (O-O) 60 289 cpm; (0-a) 56 881 cpm. 
Direction of sedimentation is from right to left. 
3. RESULTS 
When DNA pulse-labelled for 2 min was de- 
natured and analysed either in alkaline or in neu- 
tral conditions, bigger DNA pieces were produced 
by the alkaline treatment (tig.1). This was true for 
DNA of exponentially growing cells (tig.lA) as 
well as cells incubated 60 min with chlorampheni- 
co1 (tig.lB) and indicated that the alkaline de- 
naturation produced a smaller amount of DNA 
breaks than the heat denaturation. If the same 
analysis was performed with DNA derived from 
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Fig.2. Sedimentation of DNA in alkaline and neutral 
sucrose gradients from cells irradiated with a single dose 
(A), or 2 separate doses (B). (A) Cells were irradiated 
with 50 J/m*, incubated with chloramphenicol for I5 or 
60 min, then pulse-labelled for 2 min. The cells were 
lysed, and the DNA denatured and analysed in alkaline 
(O-O) (15 min, 1235 cpm; 60 min, 888 cpm) and neu- 
tral (O-O) (15 mitt, 4652 cpm; 60 min, 2167 cpm) con- 
ditions. (B) Cells were irradiated with 30 J/m* and 1 h 
later with 50 J/m*, then incubated with chlorampheni- 
col, and treated and analysed as indicated in A. The 
total radioactivity recovered from the gradients was as 
follows: (O-O) 15 min, 3247 cpm; 60 min, 22 269 cpm. 
(a-0) 15 min, 1618 cpm; 60 mitt, 27 694 cpm. 
Direction of sedimentation is from right to left. 
Table 1 
M,-Values of DNA from cells irradiated with a single 
dose or two separate doses 
UV (J/m*) min Alkaline Neutral 
50 15 4.87 x IO5 7.59 x 105 
60 1.14~ 106 3.00x 106 
30+50 15 2.45 x 10s 7.21 x 10s 
60 2.00 x 10’ 3.30 x 106 
At the indicated incubation time with chloramphenicol 
cells were 2 min pulse-labelled, lysed, DNA denatured, 
analysed in alkaline or neutral conditions, and their M, 
was calculated. Each number represents the average of 
To be sure that the radioactive peaks represent 
the radioactivity incorporated into DNA mole- 
cules, the DNA lysates were treated with DNase 
before being analysed in the gradients. The radio- 
active peak completely disappeared from the sam- 
ples treated with the enzyme, which specified it as 
the DNA (tig.3). 
4. DISCUSSION 
M, from 3 separate expt. These data indicate that in UV-irradiated cells 
FRACTION NO. 
Fig.3. Disappearance of the radioactive peak after 
DNase treatment. An alkaline lysate of cells treated as 
in tig.2A (incubated for 15 min with chloramphenicol) 
was dialysed overnight against 0.01 M MgCl2, 0.005 M 
Tris-HCl buffer (pH 7.1) then divided into 2 parts. One 
part was treated with DNase (O-D); the other re- 
mained untreated (O-O). Both were analysed in al- 
kaline sucrose gradients. Direction of sedimentation is 
from right to left. 
irradiated cells a different picture was observed. 
As shown, DNA treated in alkaline conditions was 
of lower Mr than treated in neutral conditions (up- 
per tig.2, table 1). This was true for DNA derived 
from cells irradiated with both a single dose (upper 
tig2A) or 2 separate doses (upper tig2B), if pulse- 
labelling was performed 15 min after irradiation. 
However, if the cells were pulse-labelled 60 min 
after irradiation, and during this period ‘de nova’ 
protein synthesis was inhibited by chlorampheni- 
col, the alkaline treatment produced smaller pieces 
of the DNA derived from the cells irradiated with 
a single dose (lower fig.2A) but bigger pieces of the 
DNA derived from cells irradiated with 2 separate 
doses (lower tig.2B, table 1). 
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some alkali-labile sites are produced in the newly 
synthesized DNA. In cells irradiated with 2 sepa- 
rate doses the production of alkali-labile sites oc- 
curs early after irradiation but disappears during 
the incubation with chloramphenicol. If cells are 
irradiated with a single dose and then incubated 
with chloramphenicol, the production of alkali-la- 
bile sites persists. Thus it appears that alkali-labile 
sites arise early after irradiation independently of 
the presence of inducible proteins. However, in- 
ducible proteins are necessary for the restoration 
of the synthesis of the normal DNA strands free of 
alkali-labile sites. 
These data agree well with the findings that ear- 
ly after UV-irradiation short DNA pieces are de- 
tected in both pre-induced and non-induced cells 
(if analysed by the routinely used methods of al- 
kaline sucrose gradient centrifugation); however, 
restoration of the synthesis of normal-sized DNA 
molecules requires ‘de novo’ protein synthesis. 
For both alkaline and neutral treatments equal 
volumes of the same bacterial lysate were taken. 
Thus similar amounts of the radioactivity should 
be harvested from the corresponding alkaline and 
neutral gradients. This was true for the DNA sam- 
ples which did not contain alkali-labile sites (fig. 
lA,B; fig.2B, 60 min). However, in the samples 
containing alkali-labile sites, the alkaline treat- 
ment caused a marked loss of radioactivity (fig. 
2A,B; lig.2B, 15 min). This may indicate an exten- 
sive breakdown of DNA into pieces no longer pre- 
cipitable by trichloroacetic acid. 
Our data provide no evidence as regards the 
function of alkali-labile sites in damaged DNA 
molecules. A simple explanation is that they con- 
stitute transient linkers opposite to unexcised di- 
mers. However, it may be argued that 60 min after 
a single UV dose the bulk of dimers is excised. We 
reported (81 that a UV dose of 3 30 J/m2, followed 
by incubation in amino acid-free medium, causes a 
constant synthesis of short DNA pieces, although 
dimers are quantitatively removed by excision or 
photo-reactivation. Since in [8] the synthesis of 
short pieces was followed by alkaline sucrose gra- 
dient centrifugation, it appears probable that we 
detected molecules containing alkali-labile sites 
rather than short pieces themselves. If so, the syn- 
thesis of DNA molecules containing alkali-labile 
sites continues in the absence of inducible proteins 
even if DNA templates are already free of dimers. 
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